INTRODUCTION
Library work mainly involves technologybased service functions. Library clerk positions are occupations where the likelihood of the development of musculoskeletal disorders (MSDs) is highest. Such positions involve almost constant demands on the musculoskeletal system and these demands are the source of a variety of MSDs affecting a high number of library employees.
Québec's joint sector-based association, APSAM 1 , is called upon to deal with a high number of requests for interventions to reduce the incidence of MSDs in libraries. In some cases, the association receives such requests when employee complaints persist even after recent and costly workplace reengineering initiatives have been undertaken. This article presents data based on an a posteriori analysis of 10 library design or redesign projects that have already taken place. This first stage of a more wide-reaching research project had as its purpose: (a) to obtain the opinions of librarians responsible for the projects, and of their employees, as to hoped-for outcomes and what was done in the course of the projects to reduce the musculoskeletal impact of library work; (b) to identify markers for the design or transformation process on which to base MSD prevention; and (c) to use the a posteriori project analysis as a guide for the next two stages of the research, the first being an ergonomic analysis of current workplace practices among library clerks and the second, the provision of real-time backup for a design project.
In the first part of this article, a review of the literature confirms the importance of emphasizing prevention in this environment. The review is followed by a description of the qualitative methodology used and the results obtained. Our interpretation and discussion of the results led to the identification of reference markers that can be used in an ergonomic analysis of work practices and in an identification of support measures for MSD prevention in the design process.
STATE OF SCIENTIFIC AND TECHNICAL KNOWLEDGE

The Incidence of MSDs Among Library Employees
In 1998, there were estimated to be between 1,344 and 2,100 people employed in public libraries in Québec, Canada [1] . Laberge [2] found a high incidence of symptoms of MSDs in a sample of 406 respondents from Québec public libraries, 90% of whom had experienced symptoms in the course of the previous year. Of these employees, 80% associated their musculoskeletal symptoms with their workplace, 67% had consulted a health professional and 29% had needed to take time off work because of the symptoms. The back was the main area affected (68% of respondents), followed by the upper limbs (64%) and the neck area (54%). Some 45% of respondents identified problems in the lower limbs. Tasks identified as likely to cause MSDs among employees included working with video display terminals, repetitive manual handling tasks and working in one position for long periods. When their results were compared with data on other kinds of work, different authors found that the incidence of pain experienced in the lumbar region, shoulders, wrists, neck and feet was more significant among library employees than among office workers in general. [3, 4, 5, 6, 7] .
Risk Factors for MSDs in Library Workplaces
Frith and Hogg [7] have described the risks of the incidence of MSDs among staff working at the circulation desk of a university library. They observed that desk height and repeated manual handling of documents, plus the fact that employees often need to lean over, stretch out and twist around to take hold of books and register them, desensitize security codes and pass them back to users were all elements that constituted risk factors. For this kind of activity, Village, Campbell and Cull [6] showed that for each volume borrowed, more than 10 operations were required. Grey and Wilson [8] showed that inappropriate desk height, cramped space and poorly positioned equipment at the circulation desk made it difficult for employees to see or reach objects, thereby increasing musculoskeletal demands. Village, Campbell and Cull [6] also analyzed the importance of risk factors for employees responsible for shelving books. They found that these duties entailed significant repetitive effort, as carts loaded with documents were heavy and difficult to manoeuvre. Furthermore, employees often needed to support between 10 and 15 kg of documents with their non-dominant arm while checking for where exactly a document was to be placed or while carrying out the actual shelving. Each document returned by a user was handled approximately five times before it was shelved. Shelving also involved significant levels of visual attentiveness and cognitive demands to ensure that the order of volumes in collections was appropriately maintained. Studies on MSD risk factors observed in library workplaces are primarily descriptive or plain-language articles documenting the presence of factors deriving from specific tasks. Indeed, although there is a significant body of literature on the correlation to be made between manual handling tasks and MSDs, only the studies by Village, Campbell and Cull [6] and by Blackburn, Girard and Lagacé [9] seem to have focused on this aspect of the disorder among library employees.
The Challenges of Designing Ergonomic Layouts in Public Libraries
In the recent resource allocation guide for public libraries published by the American Library Association (ALA) [10] , ergonomics merits only scant attention and then only in relation to the comfort of users, rather than employees, or for purposes of library efficiency. The ALA document suggests readers consult the checklists and recommendations on ergonomics that can be found on the Internet.
Our survey of the literature did however find a few other publications pertaining to the physical layout and environment of libraries [11, 12, 13] . These documents are not based on analyses of work activity or on studies of risk-inducing factors. They rather constitute reference works summarizing a body of knowledge and making broad-based recommendations on the safe layout of work stations. The application of these recommendations becomes problematic when put in the context of the particular characteristics of a given library: special clientele, atypical buildings, specialized collections, available equipment, technologies used, etc.
The emphasis put on the physical layout in this kind of reference work seems to fail to take into account the overall organization of work, itself not a neutral factor as a potential source of MSDs. Village, Campbell and Cull [6] consider that organizational changes can reduce sources of stress observed in libraries. Examples that could have a preventive effect might be the assignment of shelving duties outside opening hours, using flexible work schedules, ensuring that bar codes are attached to documents so as to reduce the number of manual handling movements, or alternating document loan and return duties with shelving tasks.
Implementation of New Technologies
Huuhtanen, Vattulainen and Laamanen [14] documented the impact of the implementation of a new integrated library services system on management of loans and cataloging, tasks carried out, and workplace organization. Initially, respondents reacted favourably to the introduction of a new system, seeing it as an opportunity to better apply their skills, to experience increased flexibility in the division of work and to increase recognition of their professionalism. There were, however, concerns that they might find their work more monotonous and more repetitive. During the implementation phase, employees were generally satisfied with information they received about the changes. At the same time, they felt that they were given insufficient information on the future organization of their work, on changes to line-staff structures, on their own employment situation, on the economic situation of the library and on the way equipment worked. In addition, in the final stage of their review, the authors noted an increase in the rotation of duties (employees moved more rapidly from one task to another), in the number of rules to be followed, in the pace of work and in the degree of difficulty of tasks. It is fairly widely recognized that the technology component of the workplace can affect the development of certain MSDs, employee stress levels and the quality of services provided to users.
Management of Projects in the Municipal Public Library Sector
Three studies focusing on the use of ergonomic criteria describe approaches used, with support from employees, to implement changes in the workplace [8, 15, 16] . The approach Beaufort [16] tried out in a university library involved four phases to structure a change process where ergonomic elements were factored in (a) a definition of postulates based on the existing situation; (b) an analysis of the current work activity, centred on employee strategies; (c) an identification of reference markers, validated by employees using simulations of future work situations; and (d) an installation of equipment and follow-up adjustments. The Kensing and Madsen [15] study began by identifying reference sites, then moved into three work phases: (a) the critical phase: brainstorming on current problems; (b) the imaginative phase: brainstorming on solutions to resolve the problems identified in the critical phase; and (c) the implementation phase where the chosen solutions were applied and the technical specifications for their implementation were drawn up. A document published by the American Library Association was produced to support decisionmaking for the implementation of change or for optimizing the use of the different resources to be found in public libraries [17] . Mayo and Goodrich described concrete approaches that to some extent took real work situations into account: assessment of real work carried out, performance evaluation, resource allocation analysis, process reengineering. The approach used recommended the creation of an employee advisory group to study the workload project. However, there were no specific recommendations for dealing with the physical layout or any changes that might be needed in this regard to increase efficiency or improve employee health and safety.
Overall, we do not have the knowledge base we need to assess the implementation of architectural projects in municipal public libraries. Yet this knowledge is fundamental if we are to determine directions for the prevention of MSDs in the design of library workplaces.
METHODOLOGY
Twelve libraries where new facilities or changes to facilities had been implemented in the past 2 years were asked to participate in this study. These libraries were selected on the basis of four diversification criteria: the nature and scope of the changes made, the size and regional base of the population served, the status of the establishment as a stand-alone or affiliated library, and the involvement, or lack of it, of a prevention professional (ergonomist, occupational health and safety [OHS] counsellor, industrial hygienist, etc.) in the change project. Ten libraries agreed to participate and each delegated the person responsible for the project and one employee representative. Two focus group interview meetings were organized, with 9 project leaders and 9 employee representatives in each, due to last-minute absences by participants from one library in each group. The interviews each lasted for approximately 3 hrs. The participants were encouraged to focus on their perceptions of the extent to which, as the projects progressed, due consideration was given to the nature of the work to be accomplished and ways to prevent MSDs, and to comment on their own involvement in the establishment of the layout design, as compared to that of other players.
Discussions were recorded and transcribed verbatim. An open-ended content analysis of the transcripts was then carried out using the method proposed by L'Écuyer [18, 19] . This approach is based on the identification of sub-themes and themes drawn from interviewee comments.
When considered together, the themes and subthemes cover all the information collected. The two interviews were analyzed separately so as not to contaminate the development of themes between the two groups; the themes defined on the basis of each interview were then subjected to cross-analysis to allow for identification of areas of agreement and disagreement from one group to the other.
RESULTS
Content analysis of the discussions in each group and subsequent cross-analysis between the two enabled us to assign concerns to the following themes: work activities, physical environment, material used, organization of work, occupational health and the project process. Project leaders were more centred on the project process, material used and occupational health. The main difference between the two groups was to be found in the theme of the project process where project leaders, who claimed they were poorly prepared to take on this responsibility, expressed particular concern about the project start-up phase. This sub-theme will be discussed separately at the end of this section.
Work Activities
When commenting on work activity, interviewees stressed the demanding physical nature of this kind of work. Their comments can be closely linked to aspects of work activity that are common concerns of ergonomics and highlight MSD risk factors inherent in library work.
Clearly, all library design projects that want to take into account the work carried out and the prevention of MSDs must address such aspects of library activities as movement around the facility of individuals or carts, whether or not books are being transported; repetitive manual handling of documents, possibly aggravated by the use of technology-based tools; handling of heavy loads; document shelving involving particular physical demands; technology-driven relations with users; the use of document chutes, and situations where employees are required to stand, sit or remain partially seated for long periods.
The physical environment and the material used influence greatly the work activity and specific issues have been raised about them as Table 1 shows. 
Organization of Work
The joint interviews clearly show how choices made about the organization of work directly influence work activity. Such choices are sometimes made at the macromanagement level and sometimes at the day-to-day level. They are very closely linked to architectural choices (type of building and space available) and to the kind of services offered (clientele served, opening hours, nature and size of collections, reference services, Internet stations, etc.). The main organizational choices identified by participants as being determinants of work activity were the status of the library as a stand-alone or affiliated facility, available staff resources, use of technology, the number of documents users can borrow, the existence, or lack, of document return chutes to reduce overcrowding at the circulation desk, duties assigned to each work station, rotation of work stations, proximity of book carts to the work area handling returns, and whether user access to audiovisual and multimedia documents was direct or required the services of an employee. Participants also stressed that, although many computer-based and electronic tools were supposed to make it easier to do more with fewer human resources, there was need for prudence in choosing to rely on technology; they were far from convinced that it could make up for needed human resources. Interviewees observed that technology in fact accelerated the rhythm of work. They maintained that document handling volumes had increased, in particular because anti-theft systems meant that documents had to be passed in front of sensitizers and desensitizers and that computerization usually coincided with an increase in the number of documents users could borrow. This increase in the number of documents in the lending and returns chain would offset any supposed gains achieved through computerization of document handling.
Employees felt that it would be useful to have opportunities to regularly discuss the organizational challenges encountered in their work with a view to identifying solutions adapted to the rapidly changing nature of their work.
Health
Participants interviewed stated that MSDs or other health problems were often the starting point of changes for which specialists in OHS, in ergonomics, or other preventionists needed to be consulted. At the same time, the connection between MSDs and work activity was always believed to require tangible proof and was the target of much suspicion. Certainly, compensation for occupational health disorders seemed to be extremely rare. Participants stressed the fact that physical demands seemed to be increasing, particularly due to the increase in manual handling of documents generated by some technology choices, and by the extra book box handling requirements that stemmed from the way a central library with service centres was organized. Many respondents found that they did not have the energy needed for domestic and recreational activities after work hours.
The main prevention elements identified by participants were clearly consistent with the problems they identified. Interviewees suggested, e.g., that particular attention be paid to how often duties were rotated at different work stations, to the need for sufficient staff at busy service periods, to the quality of electronic instruments and equipment, to encouraging the occasional provision of assistance to a fellow employee for certain tasks (like pushing a heavy cart together), to positioning bar codes where they could most easily be read and so reduce the number of document handling movements, and to making it easier to scan documents at well-placed builtin equipment. Training given by organizations responsible for prevention in OHS or by other interveners about postural hygiene, lifting of heavy objects and safe physical movements were seen as being useful prevention activities.
In terms of health protection, project leaders expressed particular concern about the challenge of changing employee habits or ways of carrying out their duties. They believed that these habits were solidly ingrained and were extremely difficult to change even if the ultimate objective was to improve employee health.
The Project Process
Seven different elements were identified in this regard. The first was employee consultation on which employees and project leaders were unanimous in their comments. All participants felt that the architects involved, and, to an equal extent, those with ultimate responsibility for a project 2 , should take their recommendations and opinions into account during project implementation and inform them about the nature of any planned changes. This point led naturally into the next: collaboration over the course of the project. In this case, employees and internal project leaders agreed that their participation throughout the various phases of the project was highly important, not solely at the outset. In one of the libraries, the experience was extremely positive: "the architect proposed ideas for the design and we [the employees] were able to validate them, and we really got what we wanted" 3 . This approach can be ascribed to the way that the architect worked; no ergonomist was involved in the project. In some libraries (where an ergonomist participated in the project design), collaboration was indeed part of the process, but the process itself was further improved by the creation of a committee of which both the project leader and, in several cases, an employee were members ("the most senior of our lending clerks was a member of the committee, along with the architect, the city's HR (human resources) specialist, and myself [the project leader]). We all participated as equals and we had the opportunity to really express our needs"). Another positive element identified by interviewees during the two group meetings was the use of models or mock-ups. Models were used for two of the library projects and both the employees and the project leaders involved expressed their satisfaction with this approach. One of the other libraries used simulations, in a separate room.
Other Aspects of Project Process Sub-Themes Raised Only by Project Leaders
The themes of the starting point for a project, project funding, and interactions with public services and experts were raised only by the project leaders. Whether it was in the context of an extension, a move to new or renovated premises or even changes in layout needed as a result of threats by the CSST (Commission de la santé et de la sécurité au travail, the body responsible in Québec for OHS) to close down the circulation desk, the CSST's role in helping to move projects forward was seen as positive. In fact, the intervention of the CSST was flagged as a contributory factor in obtaining the collaboration of other external organizations involved in prevention, and in attracting the attention of administrators and public works services of the cities involved. When numerous cases of occupational illnesses or accidents are declared, the rates employers have to pay for collective OHS insurance rise, and this increases their motivation to correct problem situations.
In particular, the joint sector-based association dealing with OHS in libraries can become involved in a project by offering the services of a professional specializing in library redesign. A report produced by an external expert reinforces the credibility of a library manager in the eyes of municipal authorities, and also usually leads to the inclusion of library employees in the process. When this is the case, library managers and their employees are in a position to better understand the complexity of the project and the workings of the system they will be involved with. Staff members also come to realize that library managers in their turn are not always able to do what they themselves want to do.
On several occasions, participants made the point that the low importance attached by mayors to library staff working conditions was a recurrent problem during the facilities planning process. Elected officials give far more weight to issues affecting users, accessibility, and the aesthetics of the facility ("because you can see things like that, whereas the working conditions of the people inside don't carry enough weight to affect those people's potential re-election"). Some participants went so far as to suggest the need for legislative or regulatory provisions to ensure that a given percentage of a building or renovations budget be used for the services of an ergonomist, to oblige decision-makers to recognize the existence of such issues.
Overall, this synopsis of the experiences of 10 different library projects provides us with several elements that enhance our understanding of the connections between work activity, the prevention of MSDs and the project process.
INTERPRETATION AND DISCUSSION
Two Types of Project to Analyze: The Utilitarian Approach and the Creative Approach
Analysis of the interviews revealed that the project process was a source of major concern for its impact on project outcomes. Library managers found the role of project leader for a renovation or building project to be a responsibility for which they were not necessarily prepared and a situation where they could be trapped between conflicting points of view. A facilities design project has to take a high number of issues into account and not all of them carry the same weight. For prevention purposes, it would seem that two different types of projects can be identified. In the first case, these are projects based on a diagnosis of health problems arising from poor facilities layout or inadequate equipment. This leads to what we would call a utilitarian project approach, designed to address a specific problem and thus putting the overall focus on workplace issues. In the second type of project, work activity is not in itself a factor but does need to be incorporated into the overall concept. This kind of approach can be qualified as creative because it involves creating an environment where a range of issues, that may or may not include work activity, need to be addressed or readdressed. It will be interesting to compare, as our research progresses, the emphasis put on prevention in the way the two types of project evolve. Our assumption is that strategic support measures will need to be identified in the creative approach to successfully address workplace activity issues as a project progresses.
Decisions During a Project That Influence Work Activity
In ergonomics, real work activity is considered to be a compromise between what needs to be done and the means to do it [20] . This means that work activity can be analyzed in relation to a certain number of determinants that condition it, at least in part. Some of these determinants, known as microdeterminants, are immediate and can be found in close proximity to work situations; others, on the contrary, are found at a distance from work situations, occur prior to work activity, although they do influence it, and can be described as macrodeterminants [21] . In both cases, they require the identification of specific support measures that can be used as targets for action in the course of a project.
Microdeterminants
The kind of furnishings used for circulation desks, seats, stools, footrests, document return containers, book stacks and carts all seem to be microdeterminants for work activity. Kuorinka and Forcier [22] found that it was their particular characteristics that determined whether or not they would constitute risk factors for upper body MSD, if, e.g., they did or did not require sustained effort, awkward positions, or physical pressure. These risk factors can be observed during work activity and it is possible to take steps to reduce their impact by changing their intensity or frequency, or the duration of rest breaks. The impact of awkward positions at a circulation desk can, e.g., be reduced by installing equipment that allows employees to make fewer potentially harmful movements. In fact, staff members may themselves have developed strategies to minimize health risks. They might, e.g., slide books along a counter to avoid lifting them. Unfortunately, if the counter surface is made up of different levels, this strategy cannot be applied. Another example would be a desensitizer that requires strong pressure on the document to successfully function, thereby increasing risk factors associated with the document handling activity. Over the course of a design project, efforts need to be made to minimize the presence of risk factors by targeting microdeterminants such as furnishings, equipment and tools that create the context of the work situation. Observation of the work activity carried out can also be used to draw attention to individual and collective strategies that help reduce exposure to MSD risk factors.
Macrodeterminants
Macrodeterminants of the activity result from choices made well upstream in the project process. While such choices are made at a distance from the work environment, these are factors that contribute, at least in part, to defining the activity that will take place at work stations. They include the architecture of a facility, the choice of services and the organization of work.
In considering the architecture of a facility, the shape and number of stories in the building, floor space assigned to collections and the existence of sloping surfaces all have an influence on work activity.
When service choices are made, a library facility that is transformed into a service centre will become a place where boxes of books transit in large numbers, so there needs to be provision for special box handling measures to avoid adverse effects on employees. The decision to install an electronic theft-proofing system will result in particular handling movements when documents are borrowed or returned. Decisions about opening hours or the number of documents users may borrow are further examples of service choices that directly impact on work activity.
In the organization of work, the availability of staff resources, and rotation among various work stations or assignment of duties can be quite significant factors in their influence on work activity.
For every step of a project, the best way to support MSD prevention in the workplace is by establishing a framework that takes into account the potential impact on work activity of the various choices being envisaged as regards services to offer, space availability and organization of work. Although the choices made in these different areas are interrelated, they need to be considered separately at the time of a decision because they come under the responsibility of different players and it is these different players who must be dealt with if they are to influence the desired direction of choices that benefit work activity.
Involvement of Many Players in a Project
As participants pointed out, there are a large number of players involved in a library design project, including project managers, mayors, architects, engineers, designers, HR managers, builders, etc. Through the choices they make, each one plays a role in the creation of future work situations. The project leaders, usually the librarians involved, find themselves constantly buffeted between the different and often contradictory points of view they favour. When the services of an expert in prevention are called for, they may well be torn between pressures from the building experts and the prevention expert. This latter resource becomes a new player to be included in discussions and will potentially be seen by some others as a troublemaker. In addition to needing to focus attention on concerns about work that will be carried out in the future and participating in discussions with other players, the work activity expert also needs to address a particular issue raised by participants. The interviews clearly showed the need for ergonomists to make precise recommendations, and even to provide specifications for such things as the layout of work stations, specifications that leave no room for interpretation. In fact, current trends in ergonomic analysis of activities suggest that relevant information needs to be provided to designers using a kind of job-shadowing approach that means recommendations can be adapted to the design situation, since the design itself is always evolving. Designers constantly need to make compromises and excessively rigid recommendations would probably negatively affect how they factor work activity into their plans. The participants we interviewed argued that, because of the short time-frame for introducing changes, negative effects could best be avoided, without disrupting service, by reference to very precise specifications. However, it would perhaps be possible to avoid disruption of service by carrying out simulations on fullscale mock-ups, in different rooms or premises.
Employee Involvement: From Enthusiasm to Disappointment
Another major issue raised in the interviews was the high importance attached to employee involvement in projects. For library staff, changing their work environment equates to changing the ways they work, with all the potential problems that can cause. Library managers see involvement of employees as a valuable way of working with them to define the future organization of their workplace. For their part, employees who had been through the experience of consultation, although they wanted to participate on a regular basis as projects progressed, told interviewers of difficulties they had experienced in reading and understanding plans. They would find three-dimensional mockups or prototypes much easier to use to grasp the implications of future work situations. In spite of the problems employee involvement may sometimes create, it would be difficult to avoid using this approach in any project that wants to put major emphasis on work activity.
CONCLUSION
The a posteriori analysis of library renovation or building projects proved to be a valuable tool for giving direction to the overall research we are carrying out. It enabled us to identify work activity issues that needed to be taken into account over the course of such projects. Consideration of these issues needs to factor in both the microdeterminants that allow for the modelling of activity-related risk factors and the macrodeterminants that help us understand how major project decisions influence these microdeterminants. If serious consideration is not given to work activity issues at all stages of a project, microdeterminants risk becoming permanently entrenched. This might help explain why some recent redesign projects continue to be the subject of employee complaints or dissatisfaction. Furthermore, the analysis also illustrated a number of ways work activity issues could be tangibly addressed through interaction in a project between players with shared or differing goals.
